INTRODUCTION
Lattice field theory, the most successful non per turbative, regularized treatment of continuum field theory, has accomplished in the last three decades a lot: equilibrium calculations of ground state (vacuum) properties, spectra of low excited states (hadrons) and phase transitions at finite temperature are most widely known achievements in understanding of the strong and electroweak interaction. Recent developments in computational techniques (fat link actions, complex pole techniques, fast numerical inversions including pseudoinverse methods, chiral symmetric fermion actions and reweighting of configurations) demon strate that this field is still developing, aimed towards physical situations, which were not feasible for numer ical studies in the past. Equilibrium calculations at finite baryochemical potential, refined equations of state (pressure and energy density) information, real istically low quark masses, decay properties of had ronic resonances, an increasing knowledge on the nature of deconfinement phase transition and close ups on topologically nontrivial field configurations circumline a picture of very rich physics due to the numerical study of quantum fields [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] .
Unfortunately the space of all possible field config urations constituting a path integral included in the calculation of any quantum expectation value is so enormous, exponentially growing with the number of considered space time points, that it is hopeless to sum all contributions with the proper complex weight factors, exp(iS) with a given action S. For equilibrium situations the canonical ensemble technique formally treats the time as pure imaginary, resulting in expo nentially suppressing factors, exp(-S E ), for most of the configurations. Corresponding algorithms, sum ming the path integral with Monte Carlo methods can then be utilized for calculations. Out of equilibrium this fortunate circumstance is no more established.
There can be, however, another way to surpass the traditional canonical paradigm. Some, even very dras 1 The article is published in the original. tically non equilibrium dynamics may lead to a sta tionary repetition (or cascading) of self similar physi cal situations which leave their imprint on experimen tal observations as there were a non Gibbs like distribution of different energy states in the back ground. On the other hand the equilibrium itself is not necessarily an element of a canonical Gibbs ensemble. As it was recently pointed out [12] , a single degree of freedom under the influence of a stochastic force and a stochastic damping constant has the Tsallis distribu tion as the stationary solution. This distribution goes over into a power law at high energy. In experiments, pion and proton transverse momentum distributions were observed in elementary particle and heavy ion collisions. They show non exponential, power law like distribution tails.
Non conventional distributions are based on a non conventional entropy formula (which replaces the Boltzmann entropy), or in general on non additive composition rules for thermodynamical systems [16] . Such a formula is the Tsallis entropy [13] , discussed vividly in recent years (although the same formula has been suggested earlier in the context of information measure theory [15] ). It leads to a power law at high energy as canonical distribution, coinciding with the stationary solution of the above mentioned stochastic problem; but the entropy is not extensive. A mono tonic function of it, locating the maximum for the same canonical distribution, is proven to be extensive (i.e. additive when the probabilities factorize). It is easy to see that this formula is a monotonic function of the Rényi entropy [14] .
Non extensive thermodynamics is announced to be an effective theory for non equilibrium and long range order phenomena [13] . Particularly interesting are connections to anomalous (fractal) diffusion and Levy distributions. Its canonical distribution is a power law, which occurs in particle and heavy ion physics experiments [20] [21] [22] [23] [24] [25] [26] [27] [28] . It is particularly inter esting to produce the Tsallis distribution with the help of a Gamma distribution for the inverse temperature, which may have consequences on the e.o. 
The quantity q = 1 + 1/c is the Tsallis index. The aver age energy (and the average number in the grand canonical approach) is given by a sum with slightly dif ferent weight factors due to the derivation of a power,
This factor can be obtained as the stationary distribu tion of a Langevin equation for a particle with momentum p, + γp = ξ, with stochastic γ and ξ fac tors. For 〈γ〉 = G, 〈ξ〉 = 0 and white noise correlations with the corresponding strengths 2C and 2D, one arrives at the following correspondence: c = 1 + 2G/C and β = mG/D with the energy E = p 2 /2m [12] . The Tsallis distribution weight factor, w i , on the other hand can be obtained as an integral of Gibbs factors over the Gamma distribution,
with (5) Γ(c) = (c -1)! for integer c is Euler's Gamma func tion. By its definition w c (t) is normalized to one. Based on this, any canonical Gibbs expectation value, if known as a function of β, can be converted into the corresponding expectation values with the canonical Tsallis distribution. The respective partition c,
functions, Z G and Z TS ensure the normalization of the w i probabilities, = 1. They are related to each other: (6) The above formula can be interpreted as averaging over different β valued Gibbs simulations, as an instance of the superstatistical approach [17] .
APPLICATION TO LATTICE GAUGE
FIELD THEORY The question arises, which strategy is the best to follow in order to perform lattice field theory simula tions with Tsallis statistics instead of the Gibbs one. In the following we factorize the arguments of path inte grals to an observable which does not explode expo nentially with the lattice size, and to a weight factor which scales like exp(-N) with the total lattice size N = N t
We model the Tsallis distribution through a Gamma distributed inverse temperature in the physi cal system. The lattice simulation incorporates the physical temperature by the period length in the Euclidean time direction: β = N t a t . Due to the restric tion to a few integer values of N t , we simulate the Gamma distribution of the physical β = 1/T by a Gamma distribution of the timelike link lengths, a t . We assume that its mean value is equal to the spacelike lattice spacing, a s . Then the ratio t = a t /a s follows a normalized Gamma distribution with the mean value 1 and a width of 1/ (In the view of ZEUS e + e -data c ≈ 5.8 ± 0.5, the width is about 40 per cent.)
For calculating expectation values in field theory a generating functional based on the Legendre trans form of Z is used. Our starting assumption is the for mula (6) with (7) in a shorthand notation of path integrals. Since we simulate the canonical power law distribution by a lat tice with fluctuating asymmetry ratio, there are two limiting strategies to execute the Legendre transfor mation: (i) in the annealing scenario the lattice fluctu ates slowly and one considers first summations over field configurations, in the (ii) quenched scenario on the contrary, the lattice fluctuations are fast, form an effective action (virtually re weighting the occurrence probability of a field configuration), and the summa tion over possible field configuration is the slower pro cess performing the second (i.e. the path ) integral. In the first case the coupling of the external source cur
